Electronic Version 
Stylesheet Version vl.1.1 

Description 

MULTIPLE ORIFICE APPLICATOR WITH 

IMPROVED SEALING 

CROSS REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims priority as a Continuation-ln-Part 
to U.S. Patent Application No. 10/336,943 filed on January 
6, 2003 that is a Continuation-ln-Part of U.S. Patent No. 
6,695,923 filed on November 21, 2001, which claims pri- 
ority to U.S. Provisional Application No. 60/253,070 filed 
on November 21, 2000; the contents of each are incorpo- 
rated herein in their entirety. 
FIELD OF THE INVENTION 

[0002] The present invention relates to devices for and methods 
of dispensing various materials, such as adhesives, epox- 
ies, sealants, and sound dampening materials. More 
specifically, the present invention relates to a device for 
and a method of applying a relatively wide band of mate- 
rial to a work piece by applying multiple closely-spaced 
rows of the material from a multiple orifice applicator. 



BACKGROUND OF THE INVENTION 



[0003] it is common in many industries to apply various fluid 
materials, such as adhesives, epoxies, sealants, sound 
deadening materials, structurally-stiffening materials, in- 
sulating materials, and the like, using robotically-applied 
materials supplied from a dispensing system. These fluid 
materials are commonly applied to a wide variety of items, 
such as (but not limited to) automotive parts, household 
appliance parts, conformal coating of electronic circuit 
boards, medical devices, and construction items 
(windows, doors, etc.) during manufacture. 

[0004] one known method of applying fluid materials to a work 
piece involves extruding the fluid material. Extrusion of 
fluid material generally involves maintaining an outlet 
nozzle of an extruding device very close to the work piece 
and allowing a single bead of fluid material to be applied 
to the work piece, either as the work piece is moved rela- 
tive to the nozzle or the nozzle is moved relative to the 
work piece. 

[0005] Another known method of applying a fluid material to a 
work piece is to "stream" the fluid material. "Streaming" is 
a relatively high-speed application process wherein the 
fluid material is dispensed from a nozzle under relatively 



high pressure and from a relatively greater distance from 
the work piece as compared to methods where the fluid 
material is extruded onto the work piece. Generally, a 
work piece is set in position — either robotically, via a 
conveyor system, or manually — and a fluid dispensing 
nozzle mounted to the end of a robot arm is caused to 
make one or more "passes" over the work piece, dispens- 
ing fluid material during each pass. Known systems for 
streaming fluid materials, such as that disclosed in U.S. 
Patent No. 5,979,794 to DeFillipi et al., include a nozzle 
having a single outlet orifice for dispensing a single 
stream of fluid material. As a result, each pass of the dis- 
pensing mechanism over the work piece produces a single 
bead of fluid material that is approximately the width of 
the outlet orifice opening of the nozzle. 
[0006] Many situations require the application of relatively wide 
bands, i.e., several inches wide, of fluid material to a work 
piece. By way of example only, various automotive sound 
dampening applications require the application of wide 
bands of sound dampening material or panel-stiffening 
material to a vehicle door, body panel or frame assembly. 
Because the outlet orifice of a streaming nozzle must 
maintain a relatively small diameter (to maintain the re- 



quired fluid pressure to stream the material), it is not 
possible to stream wide bands of fluid materials onto a 
work piece during a single pass of the robot arm using 
known methods and systems for fluid streaming. Accord- 
ingly, for situations requiring wide bands of fluid materi- 
als, various application methods have been used. 
[0007] one known method is to cause the application nozzle to 
make several passes over the work piece, thereby applying 
several beads or streams of fluid material adjacent each 
other. This method suffers from several disadvantages. 
First, because this method typically requires many passes 
by the application nozzle, the manufacturing process is 
slowed to accommodate the amount of time required to 
physically move the nozzle back and forth over the work 
piece until the entire band is applied. Second, it has been 
found to be difficult to create a continuous band of mate- 
rial using this method because it is difficult to ensure that 
adjacently-applied beads are the same thickness and that 
they are applied precisely adjacent to each other. Third, 
the automation tooling experiences additional wear and 
tear due to the additional motion required in making mul- 
tiple passes over the work piece. Fourth, it is more com- 
plicated and less efficient to program equipment to make 



multiple passes over the work piece instead of a single 
pass. Further, because fluid materials being applied to the 
work piece tend to "set up" relatively quickly, a previ- 
ously-applied bead may not blend together with a subse- 
quently-applied bead particularly well, thus resulting in 
distinct beads of material instead of a continuous band of 
material on the work piece. 
[0008] Another known method of applying fluid material to cre- 
ate a relatively wide band on a work piece is known as 
"swirling." Swirling application systems include a single 
orifice nozzle that can be programmed to rotate in a cir- 
cular motion. The rotating nozzle creates a circular pat- 
tern of fluid material on the work piece. As the nozzle is 
moved longitudinally across the work piece, the adjacent 
circles of material blend together to create a material 
band having a width equal to the diameter of the circles. 
Swirling systems suffer from some of the same disadvan- 
tages as described above. Further, the swirling method is 
sometimes imprecise, whereby "overspray" is caused as a 
result of the circular motion of the nozzle. Also, the width 
of the band of fluid material that can be created using the 
swirling method is relatively limited, which may result in 
the need for multiple passes over the work piece to 



achieve a desired band width. Finally, the rotating nozzle 
of a swirling device is actuated by a motor and other mov- 
ing mechanical parts, which require significant mainte- 
nance. As a result of several of these drawbacks, the 
swirling method is a relatively expensive process. 

[0009] yet another known method for applying fluid material to 
create a wide band of material on a work piece is known 
as the "slot nozzle" method. The slot nozzle method in- 
volves applying fluid material using a nozzle having a sin- 
gle elongated orifice in the shape of a slot. While the slot 
nozzle method may be useful for applying wide bands of 
material, it has been found difficult to maintain a consis- 
tent thickness across the band of material when using a 
slot nozzle. The fluid material tends to accumulate closer 
to the middle of the band, thereby creating a band that is 
thicker in the middle and thinner near the edges. Further, 
because slot nozzles have a large continuous outlet open- 
ing, it is difficult to create sufficient fluid pressure in the 
system to dispense the material onto the work piece. Fi- 
nally, the large outlet opening tends to allow a certain 
amount of fluid dripping for a period of time after the 
flow of fluid material is stopped. 

[0010] yet another known method for applying fluid material to 



create a wide band of material on a work piece is known 
as the "spraying" method. The spraying method involves 
applying fluid material using a spray nozzle having a sin- 
gle small orifice specifically designed to atomize the fluid 
material. This method suffers from several disadvantages. 
First, while the spraying method may be useful for apply- 
ing wide bands of material, it is difficult to maintain a 
consistent thickness across the band of material using 
this method. Second, it is difficult to control the overspray 
created by this method. Third, the spray nozzle experi- 
ences excessive wear in a relatively short period of time as 
a result of the large volume of material that passes 
through a single spray nozzle orifice. Finally, the sprayed 
material particles can become airborne and contaminate 
Class A paint surfaces. 
1 ] Perhaps as a result of the limitations associated with ap- 
plying fluid materials to a work piece, the standard 
method of applying certain materials does not involve ap- 
plying a fluid material at all. For example, it is common to 
apply sound deadening materials and body-stiffening ma- 
terials to automotive vehicle assembly such as door pan- 
els in the form of pre-die-cut melt pads. These pads are 
designed to be manually applied "stuck" to a vehicle body 



part or door panel, and then, during a subsequent "bake" 
stage of the manufacturing process, the high heat causes 
the melt pads to melt and permanently bond to the de- 
sired work surface. The use of pre-cut melt pads is unde- 
sirable because it is very labor intensive and also neces- 
sary to maintain an inventory of special melt pads in a va- 
riety of shapes and sizes. Maintaining an inventory of sev- 
eral different parts is difficult and this entire method is 
expensive. Further, any melt pads that are unused 
(because of body style changes, for example) become 
waste. 

[0012] The inventors hereof have recognized that it would be de- 
sirable to have a device and method to facilitate the appli- 
cation of applying various fluid materials onto a work 
piece in a relatively wide band and generating a variety of 
shapes and patterns. Further, the inventors have recog- 
nized that it would be desirable to have a device and 

method that would avoid the use of pre-cut melt pads. 
SUMMARY OF THE INVENTION 

[0013] The present invention relates to a multiple orifice applica- 
tor system for applying multiple beads, streams, or rib- 
bons of fluid material onto a work piece in a single pass of 
the applicator. One particularly useful application of the 



invention is to create a relatively wide band of material on 
the work piece in a single pass. The system can also be 
used to apply several distinct rows of fluid material on a 
work piece in a single pass. The inventive system includes 
a source of fluid material in fluid communication with a 
multiple orifice applicator device and a mechanism for 
causing relative movement between the multiple orifice 
applicator and the work piece. The multiple orifice appli- 
cator has an inlet port for receiving fluid material, which 
opens into a fluid dispersing chamber, such as a manifold, 
wherein the incoming fluid material is allowed to disperse 
and spread out. The fluid material is forced from the dis- 
persing chamber through a plurality of outlet orifices, 
which are positioned adjacent to each other. In certain 
embodiments, the orifices of the applicator are configured 
in staggered lines such that rows of materials dispensed 
there from overlap each other without sacrificing struc- 
tural integrity of the applicator. As a result, fluid material 
is simultaneously dispensed through multiple adjacent 
outlet orifices onto the work piece during a single pass. 
The multiple adjacent beads, ribbons, or streams of mate- 
rial can be dispensed so that they blend or merge with 
each other on the work piece to create a continuous, uni- 



form band or pattern of fluid material, if desirable. Alter- 
natively, the invention can be used to apply multiple dis- 
tinct non-merged lines of fluid material on a work piece in 
a single pass. 

[0014] | n another embodiment of the present invention, the mul- 
tiple orifice applicator includes an inlet duct and at least 
two dispersing chambers in fluid communication with the 
inlet duct. Each of the dispersing chambers includes a 
plurality of outlet orifices for dispensing the fluid material 
onto the work piece. A valve is positioned between the in- 
let duct and each of the dispersing chambers, and is inde- 
pendently operable to allow the fluid material to flow into 
a corresponding dispersing chamber. As a result, the fluid 
material is selectively dispensed through multiple adjacent 
outlet orifices onto the work piece during a single pass. 
This embodiment provides flexibility in dispensing the 
material through only one of the dispersing chambers to 
maneuver around obstacles, such as bolts or holes, on the 
work piece as well as to generate complex shapes and 
patterns of dispensed material without having to change 
the dispensing applicator. This feature is especially useful 
when the applicator includes a plurality of dispersing 
chambers and corresponding valves, which can be selec- 



tively controlled to vary the width and spacing of the dis- 
pensed material. 
[0015] | n y e t another embodiment of the present invention, the 
multiple orifice applicator includes an applicator body 
having an inlet duct. At least one dispersing chamber is in 
fluid communication with the inlet duct. The applicator 
further includes an applicator plate having a plurality of 
outlet orifices for dispensing the fluid material onto the 
work piece. The dispersing chamber is at least partially 
disposed within the applicator plate such that the outlet 
orifices are in fluid communication with the inlet duct. As 
a result, the fluid material is dispensed through the plu- 
rality of outlet orifices onto the work piece during a single 
pass. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1A is a perspective view of an illustrative metering 
and dispensing system, including the use of a multiple 
orifice applicator mounted to an articulated robot arm. 

[0017] FIG. IB is a perspective view of an illustrative metering 
and dispensing system, including the use of a multiple 
orifice applicator, an articulating robot arm and conveyor 
assembly line. 

[0018] FIG. 2 is a side view of an embodiment of a multiple ori- 



fice applicator. 

[0019] FIG. 3 is a cross-sectional side view of an embodiment of 
a multiple orifice applicator. 

[0020] FIG. 4 is a perspective assembly view of an embodiment of 
a multiple orifice applicator. 

[0021] FIG. 4a is a perspective assembly view of a second em- 
bodiment of a multiple orifice applicator. 

[0022] FIG. 4b is a perspective assembly view of a third embodi- 
ment of a multiple orifice applicator. 

[0023] FIG. 5 is a bottom view of a first applicator plate of the 
multiple orifice applicator shown in Figure 4. 

[0024] FIG. 6 is a bottom view of a second applicator plate of the 
multiple orifice applicator shown in Figure 4. 

[0025] FIG. 7 is a perspective view of a multiple orifice applicator 
showing application of multiple distinct rows of fluid ma- 
terial. 

[0026] FIG. 8 is a perspective view of a multiple orifice applicator, 
wherein the applicator is rotated to cause the rows of fluid 
material to be applied closer together. 

[0027] FIG. 9 is a perspective view of a multiple orifice applicator, 
wherein the multiple distinct rows of fluid material are 
blended and merged together without rotating the subject 
applicator. 



[0028] FIG. 10 is a simplified cross-sectional illustration of a 
prior art "bowl-type" filter. 

[0029] FIG. 11 is a simplified cross-sectional illustration of a fil- 
ter according to an embodiment of the present invention 
for use in the dispensing system illustrated in FIG. 1. 

[0030] FIG. 12 is a top view of a multiple orifice applicator ac- 
cording to another embodiment of the present invention. 

[0031] FIG. 13 is a cross-sectional side view of the multiple ori- 
fice applicator of FIG. 12. 

[0032] FIG. 14 is a bottom view of the multiple orifice applicator 
of FIG. 12. 

[0033] FIG. 15 is a cross-sectional view of a backing member that 
may be optionally employed in each of the orifices shown 
in FIGS. 13 and 14. 

[0034] FIG. 16 is a cross-sectional side view of a multiple orifice 
applicator according to yet another embodiment of the 
present invention. 

[0035] FIG. 17 is a bottom view of an applicator body of the mul- 
tiple orifice applicator of FIG. 16. 

[0036] FIG. 18 is a top view of an applicator plate of the multiple 

orifice applicator of FIG. 16. 
DETAILED DESCRIPTION 



[0037] shown in Figure 1A is an illustrative metering and dis- 



pensing system wherein a multiple orifice applicator de- 
vice of the present invention can be used. A work piece 
106 is shown at a particular station of an assembly line 
function 100. A fluid material is stored in fluid contain- 
ment vessel 12. A source of air pressure 10 provides 
pressure to cause the fluid material to flow from contain- 
ment vessel 12 through a first conduit 14 to a heat ex- 
changer 16, which is used to temperature condition the 
fluid to maintain its viscosity. The air pressure causes the 
fluid to flow from the heat exchanger 16 through a sec- 
ond conduit 18 and into multiple orifice applicator head 
20. Applicator head 20 is mounted to the end of an artic- 
ulating arm 104 of an electronically-controlled robot 102, 
thereby completing the material fluid circuit. 
[0038] Optionally, flow through filter 13 (Figure 11) may be 

plumbed in the material fluid circuit - possibility at the 
outlet of the metering device - to remove undesirable 
particle matter or other contaminates that could be intro- 
duced into the dispense system fluid circuit during bulk 
supply changes of vessel 12 or general maintenance. Flow 
through filter 13 has an elongated body 15 having an inlet 
17 and outlet 19 at opposing ends of body 15. Filter 13 
also includes a spherical material deflecting surface 50 



and a filter element 21. The filter element 21 can be made 
from wire mesh or other suitable materials and is config- 
ured to filter out particles of an undesirable size. The op- 
posing relationship between inlet 17 and outlet 19 creates 
a substantially straight, non-tortuous flow path between 
inlet 17 and outlet 19. The flow path created by filter 13 
forces the fluid material to flow inward from the inside di- 
ameter of body 15, around material deflecting surface 50, 
through filter element 21 and out through outlet 19, as il- 
lustrated in Figure 11. 
[0039] a flow through filter 13 is preferable to conventional 

"bowl-type" filters 53 (shown in Figure 10) because con- 
ventional filters 53 include both an inlet and an outlet at 
the top of the filter, which forces the fluid material to flow 
into and through the inside diameter of the filter element 
and then back up the bowl wall to exit the outlet, thus in- 
cluding multiple turns in the fluid path. This tortuous path 
facilitates dead space in the bottom of the filter where the 
fluid material fillers or contaminates could collect and 
pack out. As a result, conventional "bowl-type" filters can 
result in (i) undesirable material particles collecting down- 
stream of the filter element 21 where they may clog 
downstream orifices in the applicator head; (ii) an unde- 



sirable separation of fillers from the fluid material due to 
the multiple turns in the fluid circuit. These problems are 
overcome by using a flow through filter 13, like that 
shown in Figure 11. 

[0040] The description set forth above of an illustrative metering 
and dispensing system for the multiple orifice applicator 
device 20 is not limiting, and the applicator 20 can be 
used in connection with a wide variety of metering and 
dispensing systems that dispense fluid materials. Simi- 
larly, the applicator 20 could be used in connection with 
known systems for metering and mixing multiple part flu- 
ids, such as two-part epoxies. 

[0041] Furthermore, while the applicator 20 has been described 
above as used in connection with an articulating robotic 
arm, the applicator 20 can also be used in connection with 
a wide variety of other types of manufacturing environ- 
ments. For example, Figure IB illustrates a multiple orifice 
applicator 20 being used in connection with an articulat- 
ing robot 104 and a conveyor belt 105, wherein work 
pieces 106 are transported under the applicator 20 by the 
conveyor belt 105. The multiple orifice applicator 20 can 
also be used with other types of robots, such as SCARA 
robots, Cartesian robots, XYZ shape generating motion 



programmable fixtures, or the applicator can be fixed 
mounted on a fixture and the work piece moved under- 
neath the applicator. In sum, neither the particular meter/ 
mix system used nor the manner in which the work piece 
is positioned relative to the applicator 20 limits the gen- 
eral use and applicability of the multiple orifice applicator 
20. 

[0042] Referring to Figure 2, the multiple orifice applicator 20 is 
shown in more detail. Applicator 20 includes an applicator 
body 22, an integrated valve 25, an applicator plate 28, a 
retaining plate 29, and bolts 27 that pass through appli- 
cator plate 28 and retaining plate 29. 

[0043] Figure 3 illustrates a cross-sectional view of the multiple 
orifice applicator 20, wherein like elements of Figures 2 
and 3 are identified by like numerals. As shown in Figure 
3, integrated valve 25 includes inlet port 24 through 
which fluid material from the metering system enters the 
applicator 20. Applicator body 22 includes a dispersing 
chamber 32, which is in fluid communication with inlet 
port 24. Valve actuator 23, which can be selectively 
opened and closed, is positioned between the inlet port 
24 and the dispersing chamber 32. Valve actuator 23 can 
be controlled by a variety of types of electronic controllers 



(not shown), such as (but not limited to) a programmable 
logic controller (PLC) or computer (such as an industrial 
grade personal computer (PC)). The dispersing chamber 
32 preferably includes terraced shoulders 34, which grad- 
ually increase the width and volume of the dispersing 
chamber 32. Locating dowels 26 extend from the bottom 
of applicator body 22. Locating dowels 26 are adapted to 
engage with locating holes 40 (shown in Figures 4 and 5) 
in the applicator plate 28 to facilitate easy positioning of 
the applicator plate 28 relative to the applicator body 22. 
The applicator body also includes optional temperature- 
conditioning ports 19. Temperature-conditioning ports 19 
are adapted to receive temperature-conditioned liquid - 
usually water - which temperature-conditions the appli- 
cator body 22, which in turn temperature-conditions the 
fluid material in the dispersing chamber 32. It is some- 
times desirable to temperature-condition the fluid mate- 
rial while it is in the applicator 20 to control its viscosity. 
[0044] Figure 4 illustrates a perspective assembly view of the 

multiple orifice applicator 20. As shown in Figure 4, appli- 
cator plate 28 includes a plurality of orifices 30, through 
which fluid material passing through dispersing chamber 
32 is dispensed. When applicator plate 28 is installed onto 



applicator body 22, locating holes 40 are engaged with 
locating dowels 26. Then, retaining plate 29 is abutted to 
applicator plate 28, and bolts 27 are passed through re- 
taining plate holes 31 and applicator plate holes 36, into 
applicator body 22. In this way, applicator plate 28 is se- 
cured to applicator body 22. Preferably, applicator plate 
holes 36 are open slots on one side. This particular con- 
figuration of elements enables the applicator plate 28 to 
be easily installed and uninstalled without having to stop 
the manufacturing process for an extended period of time 
and without having to install or uninstall the entire appli- 
cator 20. Changing the applicator plate 28 consists simply 
of loosing bolts 27 to remove applicator plate 28, in- 
stalling a new applicator 28, and tightening bolts 27. It is 
desirable to be able to quickly change applicator plates to 
accommodate different patterns of outlet orifices 30 for 
different applications. 
[0045] Figures 5 and 6 illustrate bottom views of alternative em- 
bodiments of the applicator plate 28. In particular, Figure 
5 illustrates an applicator plate 28 having two rows of 
round outlet orifices 30, whereas Figure 6 illustrates an 
applicator plate 28 having two rows of elongated rectan- 
gular outlet orifices 30. Further, many other patterns and 



shapes of outlet orifices 30 are useful, depending on the 
particular application, and are within the scope of this in- 
vention. While the outlet orifices may be formed simply by 
machining orifices in the applicator plate 28, it may be 
desirable to use orifice inserts made from an abrasive-re- 
sistant material, such as carbide, depending on the abra- 
siveness of the fluid material being dispensed. In sum, the 
number, size and shape of the outlet orifices 30 are de- 
termined by the width, distance, viscosity and tool tip 
speed necessary to form the desired formation of the ma- 
terial, which may or may not include ridges. 
[0046] Figures 4a and 4b illustrate alternative embodiments of 
the multiple orifice applicator 20, particularly with respect 
to the applicator plate and retaining member. Referring 
first to Figure 4a, the multiple orifice applicator 420 in- 
cludes an applicator plate 428, a retaining U-Channel 
member 429 and bolts 427. This embodiment of the mul- 
tiple orifice applicator 420 is similar to that described 
above in connection with Figure 4, except that applicator 
420 includes the retaining U-Channel member 429 in- 
stead of merely a retaining plate 29. The retaining U- 
Channel member 429 is configured to secure the applica- 
tor plate 428 to the applicator 420 via bolts 427. An ad- 



vantage of the U-Channel retaining member 429 over the 
simple retaining plate 29 is increased structural integrity 
of the device. 

[0047] Referring now to Figure 4b, multiple orifice applicator 520 
includes U-Channel applicator member 529 and bolts 
527. The embodiment of applicator 520 is similar to that 
of applicator 420 (Figure 4a), except that the features of 
the applicator plate 428 and the U-Channel member 429 
in Figure 4a are integrated into a single U-Channel appli- 
cator member in Figure 4b. In this way, the multiple ori- 
fice applicator 520 is a simpler design, having fewer dis- 
tinct parts, but does not sacrifice functionality. 

[0048] when a dispensing system - such as those described in 
connection with Figures 1A and IB — is used with the 
multiple orifice applicator 20, fluid material is caused to 
flow from the dispensing system into the inlet port 24 of 
the applicator 20. In response to a control signal, the 
valve actuator 23 of integrated valve 25 opens to permit 
fluid material to flow into the dispersing chamber 32. The 
integrated valve 25 is effective to stop the material from 
dripping from the applicator 20 when the valve is closed. 
The terraced shoulders 34 of the dispersing chamber 32 
allow the flow of fluid material entering the inlet port 24 



to disperse and spread out as the fluid material descends 
in the dispersing chamber 32. When the fluid reaches the 
bottom of the dispersing chamber 32, the fluid material is 
dispensed through the plurality of orifices 30 onto the 
work piece 106 (of Figure 1A). The shape of positioning of 
the outlet orifices 30 can be implemented either so that 
adjacent rows of material blend together to create a con- 
tinuous band of material 43, shown in Figure 9, or main- 
tain discrete rows, depending on the application. 
[0049] Further, as shown in Figures 7 and 8, the multiple orifice 
applicator 20, when used in connection with a robotic 
arm, can be used in such a manner so as to easily adjust 
the distance between adjacent rows of fluid material ap- 
plied to the work piece. Figure 7 illustrates rows of fluid 
material 42 applied to a work piece by applicator 20 
wherein the work piece is moved directly perpendicular to 
the applicator 20. In this way, the rows of fluid material 
on the work piece are spaced the same distance apart as 
the outlet orifices 30 on the applicator plate 28. If it is de- 
sirable to reduce the distance between adjacent rows of 
fluid material on the work piece, one way of accomplish- 
ing this objective is to change the applicator plate 28 to 
one having outlet orifices 30 that are more closely spaced. 



Alternatively, and perhaps more efficiently, the multiple 
orifice applicator 20, using the same applicator plate 28, 
can be rotated by the robot arm relative to the work piece. 
Then, as the work piece is moved relative to the applicator 
20, the rows of fluid material applied to the work piece 
are closer together. Depending on the shape and pattern 
of the outlet orifices 30, a greater rotation of the applica- 
tor 20 produces rows of fluid material on the work piece 
that are closer together. 

[0050] Referring to Figures 12-14, a multiple orifice applicator 
220 according to yet another embodiment of the present 
invention is shown in detail. Applicator 220 includes an 
applicator body 222, at least two integrated valves 225, 
an applicator plate 228 and bolts 227 that pass through 
applicator plate 228. 

[0051] Figures 12 and 13 illustrate a top view and a cross- 
sectional view, respectively, of the multiple orifice appli- 
cator 220, wherein like elements of Figures 12 and 13 are 
identified by like numerals. As shown in Figure 12, inte- 
grated valves 225 each include an inlet port 224 through 
which fluid material from the metering system enters the 
applicator 220. Inlet ports 224 are in fluid communication 
with a common inlet duct 229, which links inlet ports 224 



with heat exchanger 16 of Figure 1A. Although the appli- 
cator 220 is illustrated in Figures 12-14 as having two in- 
tegrated valves 225, it will be appreciated that applicator 
220 may include more than two integrated valves 225 de- 
pending on the nature of the application. 

[0052] Applicator body 222 also includes dispersing chambers 
232, which correspond in number to the number of inte- 
grated valves 225 and are in fluid communication with in- 
let ports 224. Valve actuators 223, which can be selec- 
tively opened and closed, are positioned between each in- 
let port 224 and a corresponding dispersing chamber 
232. Each dispersing chamber 232 preferably includes 
terraced shoulders 234, which gradually increase the 
width and volume of the dispersing chambers 232. Op- 
tionally, the applicator body 222 may include tempera- 
ture-conditioning ports (none shown), the function and 
structure of which have been previously described above. 

[0053] Figure 14 illustrates a bottom view of the multiple orifice 
applicator 220. As shown in Figure 14, applicator plate 
228 includes a plurality of orifices 230 through which 
fluid material passing through dispersing chambers 232 is 
dispensed. When applicator plate 228 is installed onto ap- 
plicator body 222, bolts 227 are passed through applica- 



tor plate holes 236, into applicator body 222. In this way, 
applicator plate 228 is secured to applicator body 222. 
Optionally, applicator 220 may include a retaining plate 
(denoted as element 29 in Figure 4) that is secured over 
applicator plate 228, as described above. Variations of the 
applicator as shown in Figures 4A and 4B can be used 
with this embodiment of the applicator 220 as well. 
[0054] Outlet orifices 230 are preferably arranged in applicator 

plate 228 such that the outlet orifices dispense a substan- 
tially continuous band of fluid material. Accordingly, the 
outlet orifices 230 that correspond to one dispersing 
chamber 232 continue without substantial interruption 
from the outlet orifices 230 that correspond to the adja- 
cent dispersing chamber. As shown in Figure 14, applica- 
tor plate 228 includes two staggered offset adjacent rows 
of round outlet orifices 230. This configuration allows the 
dispensed fluid material to overlap one another without 
sacrificing structural integrity of the device. Alternatively, 
as shown in the embodiment illustrated in Figure 6, appli- 
cator plate 228 may include two rows of elongated rect- 
angular outlet orifices 30. Further, many other patterns 
and shapes of outlet orifices 230 may be employed, de- 
pending on the particular application. While the outlet ori- 



fices 230 may be formed simply by machining orifices in 
the applicator plate 228, orifice inserts made from an 
abrasive-resistant material, such as carbide, may also be 
used as described above. 

[0055] Referring to Figure 15, the inlet of each orifice 230 may 
optionally include a backing member 233 having a pas- 
sage 235 there through. The inlet to passage 235 includes 
a funnel-shaped chamfered lead in 237 that tapers into 
the remaining portion of passage 235. Backing member 
233 reduces the amount of dead space that allows mate- 
rial 43 to dry out and potentially plug the orifice. Backing 
member 233 may be used independently or in coopera- 
tion with an abrasive-resistant material, such as carbide, 
which is generally depicted as element 239 in Figure 15. 
Backing member 233 is also compatible for use with ori- 
fices 30 in applicator 20. 

[0056] During operation of multiple orifice applicator 220, fluid 
material is caused to flow from the dispensing system into 
each inlet port 224 through inlet duct 229. In response to 
a control signal, each valve actuator 223 opens to permit 
fluid material to flow into a corresponding dispersing 
chamber 232. Each integrated valve 225 may incorporate 
desirable features, such as a spring back-up to close if air 



supply pressure is lost and divorced fluid and pneumatic 
chambers. The integrated valve 225 is effective to stop 
the fluid material from dripping from the applicator 220 
when the valve is closed. The terraced shoulders 234 of 
dispersing chamber 232 allow the flow of fluid material 
entering the inlet ports 224 to disperse and spread out as 
the fluid material descends in the dispersing chambers 
232. When the fluid reaches the bottom of each dispers- 
ing chamber 232, the fluid material is dispensed through 
the plurality of orifices 230 onto the work piece 106 (of 
Figure 1A). 

[0057] As described above, the shape and positioning of the out- 
let orifices 230 can be implemented either so that stag- 
gered offset adjacent rows of material blend together to 
create a continuous band of material 43, as shown in Fig- 
ure 9, or maintain discrete rows, depending on the appli- 
cation. Additionally, one of valve actuators 223 may be 
closed while the other valve actuator 223 remains open to 
reduce the width of material dispensed. The ability to se- 
lectively open and close either of valve actuators 223 pro- 
vides flexibility in dispensing the material to maneuver 
around obstacles, such as bolts or holes, on the work 
piece as well as to provide maximum flexibility to gener- 



ate complex shapes and patterns of dispensed material. 
This feature is especially useful when applicator 220 in- 
cludes a plurality of valve actuators 225, which can be se- 
lectively controlled to vary the width and spacing of the 
dispensed material. 

[0058] Referring to Figures 16-18, a multiple orifice applicator 
320 according to yet another embodiment of the present 
invention is shown in detail. As shown, applicator 320 in- 
cludes an applicator body 322, two integrated valves 325, 
an applicator plate 328 and bolts 327 that pass through 
applicator plate 328 into applicator body 322. 

[0059] Figure 16 illustrates a cross-sectional view of the multiple 
orifice applicator 320. Integrated valves 325 each include 
an inlet port (not shown) through which fluid material 
from the metering system enters the applicator 320. The 
inlet ports are in fluid communication with a common in- 
let duct 329, which links the inlet ports with heat ex- 
changer 16 of Figure 1A. Although the applicator 320 as 
illustrated in Figure 16 has two integrated valves 325, it 
will be appreciated that applicator 320 may include more 
or less than two integrated valves 325 depending on the 
nature of the application. 

[0060] | n contrast to the embodiment illustrated in Figures 



12-14, dispersing chambers 332 of the present embodi- 
ment are at least partially disposed within applicator plate 
328. As seen in Figure 16, the dispersing chambers 332 
are divided such that a first portion 33 1 of the dispersing 
chambers 332 is received in the applicator body 322 while 
a second portion 333 of the dispersing chambers 332 is 
received in the applicator plate 328. Alternatively, each 
dispersing chamber 332 may be fully disposed within the 
applicator plate 328. Positioning at least the second por- 
tion 333 of the dispersing chambers 332 within the appli- 
cator plate 328 minimizes fluid leakage between the 
chambers 332 and between the applicator body 322 and 
the applicator plate 328. 
[0061] Dispersing chambers 332 correspond in number to the 

number of integrated valves 325 and are in fluid commu- 
nication with the inlet ports. As can be appreciated the il- 
lustrated embodiment shows two dispersing chambers 
332, however, more or less chambers 332 are contem- 
plated by the present invention. Further, each portion 
331, 333 of the dispersing chambers 332 includes shoul- 
ders 334. The shoulders 334 are preferably terraced, 
which gradually increase the width and volume of the dis- 
persing chambers 332. As seen in Figure 16, the shoul- 



ders 334 are preferably terraced or angled outwardly to 
increase the width of the second portions 333. During op- 
eration of the applicator 320 the increased width facili- 
tates communication of fluid from the first portions 331 
of the dispersing chambers 332 through the second por- 
tions 333 to each of a plurality of orifices 330 in the ap- 
plicator plate 328. 

[0062] Disposed within the applicator body 322 are valve actua- 
tors 323 that can be selectively opened and closed. The 
valve actuators 323 are positioned between each inlet port 
and a corresponding dispersing chamber 332. Optionally, 
the applicator body 322 may include temperature-condi- 
tioning ports (not shown), the function and structure of 
which have been previously described above. 

[0063] The multiple orifice applicator 320 of the embodiment of 
Figure 16 also includes a seal 337 disposed generally 
about the dispersing chambers 332. Seal 337 is typically 
elastomeric and may be what is commonly known in the 
art as an o-ring. However, seal 337 may be of any mate- 
rial capable of forming a barrier to minimize leakage of 
fluid out of and between the two dispersing chambers 332 
of the disclosed embodiment. Further, and especially 
when only one dispersing chamber 332 is employed in 



applicator plate 328, seal 337 functions to prevent fluid 
from leaking between the applicator body 322 and the 
applicator plate 328. 

[0064] Figure 17 illustrates a bottom view of the applicator body 
322 of the embodiment of Figure 16. A groove 338 is dis- 
posed within applicator body 322. Groove 338 receives 
seal 337 such that the seal 337 is at least partially re- 
cessed within applicator body 322. Positioning at least a 
portion 333 of the dispersing chambers 332 within appli- 
cator plate 328 permits applicator body 322 to accommo- 
date seal 337. Specifically, the second portions 333 of the 
dispersing chambers 332 are generally wider than the first 
portions 331 due to the terraced shoulders 334. Accord- 
ingly, the second portions 333 are typically positioned 
closer together and do not provide the necessary space to 
accommodate the seal 337. The first portions 331 are 
generally narrower and hence have the space therebe- 
tween for accommodating the seal 337. 

[0065] Figure 18 illustrates a top view of the applicator plate 

328. As shown in Figure 18, applicator plate 328 includes 
the plurality of orifices 330 through which fluid material 
passing through dispersing chambers 332 is dispensed. 
When applicator plate 328 is installed onto applicator 



body 322, bolts 327 are passed through applicator plate 
holes 336 into applicator body 322. In this way, applicator 
plate 328 is secured to applicator body 322. Optionally, 
applicator 320 may include a retaining plate (denoted as 
element 29 in Figure 4) that is secured over applicator 
plate 328, as described above. Variations of the applicator 
as shown in Figures 4A and 4B can also be used with this 
embodiment of the applicator 320 as well. 

[0066] The operation of multiple orifice applicator 320 is similar 
to operation with respect to previously described applica- 
tors 20 and 220. Further, the shape of outlet orifices 330 
and dispensing patterns of the applicator 320 are as flexi- 
ble as described with applicator 220 having the two dis- 
persing chambers 232. The applicator 320 and outlet ori- 
fices 330 of the present embodiment may also incorpo- 
rate the backing member 233 illustrated in Figure 15 and 
described above. Further, all other features such as con- 
trollers for valve actuators 23, locating dowels 26, retain- 
ing plate 29, temperature conditioning ports 19 and de- 
tachable applicator plate 28 previously described with re- 
spect to applicators 20, 220, 420 and 520 are also con- 
templated by the present embodiment of applicator 320. 

[0067] Additionally, after the material 43 is applied to the work 



piece, applicator 20 may be at least partially inserted into 
a fluid bath, such as water, so that orifices 30 are sub- 
merged in the fluid. Submerging orifices 30 in a fluid pre- 
vents material 43 from drying out and restricting the flow 
of material 43 through orifices 30. The step of inserting 
the applicator into a fluid bath is also applicable to appli- 
cators 220, 320, 420 and 520. 
[0068] The use of the multiple orifice applicator 20, 220, 320, 
420 and 520 in connection with a metering and dispens- 
ing system for dispensing fluid materials provides several 
advantages over known prior art methods. For example, 
the multiple orifice applicators 20, 220, 320, 420 and 520 
facilitate the creation of relatively wide bands of fluid ma- 
terials in a single pass of the applicator while also offering 
maximum flexibility to generate the creation of complex 
dispensed material shapes and patterns. Further, the 
thickness of the applied material is more constant com- 
pared to other methods. Moreover, the multiple orifice 
applicators 20, 220, 320, 420 and 520 do not experience 
the "overspray" problems associated with swirling and 
spraying techniques described above. Another advantage 
is that the use of the integrated valve 25, 225 at a posi- 
tion in the fluid path relatively close to the dispersing 



chamber 32, 232 increases the responsiveness of the sys- 
tem when beginning to dispense fluid material and when 
stopping the application of fluid material, thus facilitating 
precise starts of fluid flow and minimizing undesirable 
dripping of material at the end of an application cycle. Yet 
another advantage of the multiple orifice applicator 20 is 
that the connecting dowels 26 provide a convenient way 
to locate the applicator plate 28 relative to the applicator 
body 22, and retaining plate 29 provides a convenient 
method of installing and uninstalling different applicator 
plates 28. Thus, applicator plates can be easily and 
quickly changed, which facilitates quick and efficient 
changeover without significant downtime for the system. 
Yet another advantage of the multiple orifice applicators 
20, 220, 320, 420 and 520 is that they provide an effec- 
tive alternative to using relatively expensive pre-die-cut 
melt pads. Instead of maintaining an inventory of different 
sized melt pads and manually applying them to various 
work pieces, the disclosed system (using the multiple ori- 
fice applicator) can be used to create a variety of different 
sizes of fluid material bands on a work piece during the 
manufacturing process, plus the end user can purchase 
the fluid material in large bulk containers to manufacture 



any size pattern. Thus, the need to inventory different 
melt pads is eliminated. Finally, the multiple orifice appli- 
cators 20, 220, 320, 420 and 520 do not have any addi- 
tional moving parts - like the swirling devices have - that 
require additional maintenance and repair. 
[0069] The preferred embodiments of the present invention have 
been described hereinabove. However, a person skilled in 
the art will recognize that the present invention can be 
used in a variety of different forms. Therefore, the follow- 
ing claims should be studied to determine the true scope 
and content of the invention. 



